INTRODUCTION
This paper is the text of a talk given at U. S. Geological Survey Branch of Uranium and Thorium Resources in-house seminars during February, 1978 . A modified version of the talk was delivered at the Colorado Scientific Society in Golden, Colorado, on March 20, 1978 . Slides from the talk are numbered in order of presentation, and selected slides are reproduced to illustrate important points. Names in parentheses indicate people who worked in specific areas and supplied the slides for those areas.
The main purpose of the talk is to demonstrate the importance of facies control of uranium deposits in sedimentary rocks. Non-marine and marginal marine examples from different regions and tectonic settings are discussed. The variety of settings in which uranium is facies controlled suggests that there are inherent features in the depositional environment that set the stage for uranium mineralization. In fluvial-lacustrine settings, as in the Salt Wash member of the Morrison Formation in Utah, and in the Newark Group in Pennsylvania and New Jersey, offshore lacustrine primary grey mudstones are important. The one-to-one relationship between primary grey mudstones and uranium in nearby sandstone beds in both of these areas suggests that the grey mudstones were the source of humic acids that fixed uranium in the nearby sandstones (Peterson, 1977; Turner-Peterson, 1977 The problem is that-the conventional ore guides are associations but not controls. Although it is true that these features are generally associated with uranium, the converse is not true: many rocks that fulfill all of these criteria (K of West. Int.) contain no uranium. Therefore, we need to look for actual controls of uranium .mineralization rather than associations. The rest of the talk will emphasize facies control, which is an ore guide, and is one that enables us to eliminate areas that might otherwise appear favorable by conventional criteria.
. Uranium is in the braided stream sandstones, or marginal lacustrine sandstones,where these sandstones are overlain by, underlain by, or lateral to offshore lacustrine grey mudstones. Uranium is not present in meandering stream deposits. The offshore lacustrine grey mudstones associated with uranium deposits yielded a varied suite of spores and pollen, and contain minute (less than .5mm) carbonized wood fragments indicating that the mudstone was originally reduced. These mudstones could have yielded humic acids which are capable of fixing uranium and would account for the 1:1 correlation between the uranium and the offshore lacustrine grey mudstones. Humic acids lost upon compaction of the mudstones fixed uranium in the nearby sandstones (braided stream or marginal lacustrine sandstones). Uranium was delivered by normal ground water. The thick grey mudstone in the lower member, in the lower right of the diagram above, contains Botryococcus , an oil-forming alga, which would make it more like an oil shale than the humic-acid producing mudstone needed for uranium mineralization. Only grey mudstones that could have produced humic acids are favorable for uranium mineralization. This eliminates both oil-shale type mudstones as well as grey mudstones that are grey because of bleaching of primary red mudstones. Fischer (1974) noted that in the eastern part of the Uravan area, the beds become more flat-bedded,"as if they were deposited in standing water".
Index map of Triassic-Ourassic basins in the eastern United'states, particularly the Newark basin, Pa.-N.J. (Christine Turner-Peterson).
37. Photo of the somewhat less spectacular outcrops in the East.
Sedimentologic and structural framework of the Newark basin, showing fans entering the basin from the southeast, delivering sediments to the basin. Lacustrine deposition predominated in the basin, with fluvial deposition being restricted to fans along^the basin margin. Typical facies distribution in the basin is, from basin margin. to basin center: fanglomerate-marginal lacustrine sandstone-nearshore lacustrine red mudstone--offshore lacustrine black mudstone.
Photo, of the offshore lacustrine black mudstones of the Lockatong Fm. Humic acids could have been^denved from these mudstones because of the high pH associated with the formation of sedimentary analcime within these mudstones. Humic acids are soluble in an alkaline environment. Role of the humic acids and the black mudstones will be discussed later in the talk.
Photo of the flat-laminated marginal lacustrine sandstone of the Stockton Fm , Newark basin. Uranium occurs in this facies.
Cross-section of the Newark basin. Uranium occurs (as in the Salt Wash in Utah, above) only where marginal lacustrine sandstones interbed directly with offshore lacustrine black mudstones. Where intervening red nearshore lacustrine mudstones occur, no mineralization is present in the sandstones. Another example of facies control and the importance of offshore lacustrine black (or grey) mudstones. It is believed that in the Newark basin, and in the Salt Wash in the Henry Mountains, uranium is associated with the offshore lacustrine mudstones because the mudstones provide the humic acids that are capable of fixing uranium.
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42. Same as slide #36; index map. Connecticut Hartford Basin, Triassic-Jurassic. Next two slides from a thesis by John Perrin-Newgate Mine, Connecticut, in Hartford basin.
43. Slide showing paleocurrent directions in the Hartford basin in the area west of and in the vicinity of the Newgate Mine, showing west-to-east flowing rivers. In the mine itself, beds contain no crossbedding from which to obtain measurements. Small scours indicate a north-south current direction in the sandstone in the mine, .. which is normal to paleoslope.
44. Cross-section of the Newgate Mine, showing grey, marginal lacustrine sandstones interbedded with black, offshore lacustrine mudstones. Again, the uranium is associated with offshore lacustrine mudstones.
45. Summary slide showing the importance of tectonics as illustrated earlier in the talk, The shortcomings of several of the most commonly used ore guides (see list from slide #6) will be illustrated by example in the next sequence of slides.
49. Ore Guide 50.
SS/Sh ratio
Problem with ore guide Averages too much section; does not distinquish type of shale, which is critical.
Same as slide # 34, cross-section of the Henry Mountains Mineral Belt. Because uranium occurs only in association with a specific-kind of mudstone, namely grey offshore lacustrine mudstones, the sandstone/shale ratio: would be,misleading here. The grey mudstones are thin in places (less than .5 m) and would be masked by the effect of the red mudstones which are far more abundant and have nothing to do with the mineralization. SS/Sh ratios, for instance, determined for the first section on the left of this slide (south of Bullfrog Creek section) would have a, "favorable" SS/Sh ratio and yet because of the lack of the critical grey mudstones, contain no uranium. Same as slide # 46. The facies control of uranium mineralization as demonstrated earlier in the talk ought to offer certain constraints on models that are generated to explain the uranium mineralization. If the facies control is fortuitous, which seems unlikely, the facies would have no bearing on the mineralization mechanism. But perhaps facies control tells us that there is something inherent in the deposition of the sediments that sets the stage for mineralization. Pore fluids and ground water flow patterns can be inferred from reconstruction of paleogeography and this may have some bearing on the uranium mineralization.
63. Slide showing ground water flow patterns near lakes; greatest seepage into the lake occurs in the nearshore zone. Uranium-bearing groundwater would thus be delivered into the marginal lacustrine sands in the lake by ground water.
64. Slide showing loss of pore water during early burial in clayey sediments; pore water forced out during the first stage of dehydration is that which is physically expelled before the onset of inter-layer chemical changes.
3/20/78 65. Model explaining uranium mineralization in the Salt Wash member of the Morrison Fm., Utah (Peterson, 1977) , and the Stockton Fm. of the Newark basin, Pa.-N.J. (Turner-Peterson, 1977) .
During early burial diagenesis occurred near the sediment/water interface; pH in the pore fluids in the offshore lacustrine muds was high (8) as evidenced by the presence of carbonate units and sedimentary analcime (the latter only noted In the offshore mudstones of the Newark basin). Humic acids, resulting from the degradation of plant material entering the lake, are soluble in pH's greater than 7, and thus would have been contained in the pore waters in the offshore muds. Sulfate reduction also occurred in the euxinic mudstones and bisulfide (HS~~) would have been the stable sulfide species because of the high pH.
Compaction-induced lateral movement of the pore fluids from the offshore lacustrine muds into the nearby sands would result in the introduction of humic-rich and bisulfide-rich fluids into the zone of normal ground water associated with braided stream sandstones and marginal lacustrine sandstones near the lake margins;. The lower pH in the zone into which the fluids were expelled would favor the formation of organo-clay complexes (pH 7-7.5), which would explain the association of uranium with clay films surrounding sand grains and with clay clasts. The bisulfide would join with the iron leached from the clay clasts by the strongly leaching humic acids and form pyrite. Uranium would be delivered to this zone by the groundwater that passes upward into the lake, and the uranium would be fixed by the humic acids. This model explains the association of uranium, pyrite, and humic-acids, but more importantly it is one example of how facies can be used to place constraints on a geochemical model of uranium mineralization.
66. Photo of Mahogany Bed, Green River Fm., Utah. Oil Shale. If lacustrine model explains uranium mineralization, why is there no uranium associated with the Green River? As mentioned earlier, only certain kinds of offshore lacustrine mudstones are favorable. Those in the lacustrine Green River are mostly oil-shale, not the type to produce humic acids. Lake basins may be "fingerprinted" for favorability by analysis of the offshore lacustrine grey mudstones.
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67. Coastline hydrology: shows that the coastline forms a hydrologic boundary between the flow of groundwater down the paleoslope towards the ocean, and the flow of pore fluids expelled from offshore marine muds into the marginal marine zones. Suggests that similarities may exist between what happens at a lake margin and at the non-marine to marine transition zone. "Sedimentary basins are viewed as combinations of gases, liquids, and semi-solids distributed through a solid matrix." (Burst) . This statement has implications in the approach to uranium geology. Conventional wisdom has "mineralizing fluids" being introduced into "host rocks", without regard for the environment of deposition that may have governed the geochemistry. The model proposed here is an attempt to work within the constraints developed during facies analysis: only normal ground water and pore fluids are required by the model. As Langford (1977) elaborated, "All epigenetic theories assume, in the last analysis, that some unknown but benevolent force guides the uranium into selected strata..."
